Effects of preseason concussion education on self-reported likelihood and confidence in concussion reporting by Cash, Dana Edward
Graduate Theses and Dissertations Iowa State University Capstones, Theses andDissertations
2019
Effects of preseason concussion education on self-
reported likelihood and confidence in concussion
reporting
Dana Edward Cash
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/etd
Part of the Higher Education Administration Commons, Higher Education and Teaching
Commons, Kinesiology Commons, and the Sports Management Commons
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University Digital
Repository. It has been accepted for inclusion in Graduate Theses and Dissertations by an authorized administrator of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Cash, Dana Edward, "Effects of preseason concussion education on self-reported likelihood and confidence in concussion reporting"
(2019). Graduate Theses and Dissertations. 16981.
https://lib.dr.iastate.edu/etd/16981
 
 
Effects of preseason concussion education on self-reported likelihood and confidence in 
concussion reporting 
 
by 
 
Dana Edward Cash 
 
 
A thesis submitted to the graduate faculty  
in partial fulfillment of the requirements for the degree of 
MASTER OF SCIENCE 
 
Major: Kinesiology 
Program of Study Committee: 
Elizabeth Stegemöller, Major Professor 
Ann Smiley-Oyen 
Peter Clark 
 
The student author, whose presentation of the scholarship herein was approved by the program 
of study committee, is solely responsible for the content of this thesis. The Graduate College will 
ensure this thesis is globally accessible and will not permit alterations after a degree is conferred. 
 
 
 
 
Copyright © Dana Cash, 2019. All rights reserved. 
ii 
 
TABLE OF CONTENTS 
Page 
LIST OF FIGURES………………………………………………………………………………iv 
LIST OF TABLES………………………………………………………………………………...v 
ACKNOWLEDGMENTS………………………………………………………………………..vi 
ABSTRACT……………………………………………………………………………………..vii 
CHAPTER 1 CONCUSSION EDUCATION LITERATURE REVIEW……………………….1 
 Signs and Symptoms of Concussion…………………………………………………………2 
 Neurometabolic Cascade of Concussion……………………………………………………..4 
 Long-Term Consequences…………………………………………………………………...6 
 Sideline Diagnostic Tools……………………………………………..……………………..7 
 Proper Concussion Treatment………………………………………………………………10 
 Conclusion………………………………………………………………………………….11 
Acute Concussion Education 
Brochure…………...………………………………………………………………………..12 
 References…………………………………………………………………………………..13 
 
CHAPTER 2 ACUTE CONCUSSION EDUCATION 
BROCHURE……………………………………………………………………………………..17 
 References…………………………………………………………………………………..21 
 
CHAPTER 3 EFFECTS OF PRESEASON CONCUSSION EDUCATION ON SELF-
REPORTED LIKELIHOOD AND CONFIDENCE IN CONCUSSION 
REPORTING…………………………………………………………………………………….22 
 Introduction…………………………………………………………………………………22 
 Methods……………………………………………………………………………………..24 
 Results………………………………………………………………………………………29 
 Discussion…………………………………………………………………………………..32 
 Limitations………………………………………………………………………………….36 
 Conclusion………………………………………………………………………………….37 
 References…………………………………………………………………………………..37 
 
CHAPTER 4 SUMMARY AND CONCLUSIONS……………………………………………39 
 References…………………………………………………………………………………..42 
  
iii 
 
 
APPENDIX A CONCUSSION SURVEY………………..………….....……………………….44 
 
APPENDIX B  IRB APPROVAL MEMO………………..………….....……………………….49 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iv 
 
LIST OF FIGURES 
Figure 2.1 Concussion Brochure…………………………………………………………….20 
Figure 3.1 Study Design Visualization……………………………………………………....24 
Figure 3.2 Concussion Education Slides…………………………………………………….25 
Figure 3.3 Mean and SD of All Surveys…………………………………………………….30 
Figure 3.4 Mean and SD for Post Survey 2 Pres and Post Survey 2 NoPres………………..31 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
v 
 
LIST OF TABLES 
Page 
Table 1.1 Signs, Symptoms, and Emergency Red Flags…………………………………….3 
Table 1.2 TBI Physiology and Associated Symptoms………………………………………6 
Table 3.1 Surveys Questions………………………………………………………………..26 
Table 3.2 Demographic Summary………………………………………………………….28 
Table 3.3 Mean and SD for Quantitative Questions………………………………………..31 
Table 3.4 Mean and SD for Post Survey 2 Quantitative Questions………………………...32 
Table 3.5 Summary of Exploratory Interactions……………………………………………32 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
vi 
 
ACKNOWLEDGMENTS 
I would like to thank my committee chair, Dr. Elizabeth Stegemöller, and my committee 
members, Dr. Ann Smiley-Oyen, and Dr. Peter Clark, for their guidance and support throughout 
the course of this research. 
In addition, I would also like to thank my friends, colleagues, the department faculty and 
staff for making my time at Iowa State University a wonderful experience. I would also like to 
thank the athletes that participated in this research, without whom, this thesis would not have 
been possible. Finally, I would like to give thanks to my wife for her unconditional support 
during the times of struggle throughout this journey. 
 
 
 
 
 
 
 
 
 
 
vii 
 
ABSTRACT 
Around three million concussions happen in the United States from sport and recreational 
activity alone, and it is estimated 50% of concussions go undiagnosed. Collegiate athletes have 
been found to not report their symptoms of concussion mainly because they felt their symptoms 
were not severe enough and they did not think there were any long-term consequences from 
continuing to play. This study attempts to find if preseason concussion education for collegiate 
hockey players and club athletes changes their perceptions about concussions, and if these 
changes are maintained after returning to sport/competition. This study used three identical 
surveys over three time points to evaluate concussion perception before preseason concussion 
education, immediately after preseason concussion education, and two to three weeks after 
returning to in-season/competition. Survey results suggest preseason concussion education is 
effective at increasing likelihood and confidence of reporting signs and symptoms of concussion 
in teammates and themselves, (F(3)= 25.317, p < 0.001). This study shows preseason concussion 
education as an effective method in making athletes more confident and likely to report possible 
concussions. 
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CHAPTER 1: 
CONCUSSION EDUCATION LITERATURE REVIEW 
 
According to the University of Pittsburgh Medical Center’s Concussion Program, 1.7 to 
3.0 million sports related concussions occur during recreation and sports every year. It is also 
estimated that 20% of participants in high school sports will experience a sports related 
concussion. While nearly half of all concussion go unreported or undiagnosed. Thus, many 
strides have been made in the last several years to improve the awareness and treatment of 
concussion. 
Dr. Omalu’s 2005 findings of chronic traumatic encephalopathy in NFL players, 
provided substantial concussion education and awareness. All fifty states have now made it 
mandatory for coaches at the high school level and above to complete annual concussion 
education.  Moreover, the National Athletic Training Association is aiming for the inclusion of a 
certified Athletic Trainer in every high school. An onsite Athletic Trainer allows sideline 
diagnostic testing to be administered during practices and games following a suspected 
concussive blow to the head. However, only 37% of high schools employ an Athletic Trainer. 
Thus, there is still a continued need to increase awareness and treatment of concussion. While 
current approaches to improve concussion-care are promising with the support of state mandates 
for coaches and the inclusion of Athletic Trainers in athletic environments, there remains a gap 
in the education of athletes.   
Thus, my project is directed toward educating athletes within sports possessing a higher 
risk for concussions. Athletes must know, and understand, all risks associated with their sport, 
including the long-term effects of sub-concussive and concussive blows to the head. Concussion 
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education directed towards the athlete is likely to increase the reporting of potential concussions, 
and possibly increase adherence to return to play protocols. Many athletes do not realize the wide 
variety of signs and symptoms that accompany a concussion. With education, awareness of 
concussive symptoms may, be recognized more often by athletes, leading to a potential decrease 
in incidence and better treatment of athletes to prevent life-long consequences of this serious 
injury. 
Signs and Symptoms of Concussion 
 The Centers for Disease Control and Prevention define a mild traumatic brain injury as “a 
bump, blow, or jolt to the head that disrupts the normal function of the brain.” Disruption of 
brain function can range from mild to severe. Mild traumatic brain injury and concussion are 
often used interchangeably.  
Not all individuals experience the same signs and symptoms nor do the symptoms present 
at the same degree in every individual. See Table 1.1 for a list of the common symptoms. This 
makes it more difficult for medical professionals to quickly determine if a concussive blow has 
occurred. If treated improperly, concussions can lead to a delayed recovery, chronic symptoms, 
and/or long-term neurodegenerative diseases (Ling, Hardy, & Zetterberg, 2015). 
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Table 1.1: Common Signs, Symptoms, and Emergency Red Flags of Concussion (SCAT5, 2017) 
 
 Some signs and symptoms, such as a hematoma, warrant an immediate referral to the 
emergency department. Cranial hematomas are a collection of blood outside the blood vessels 
within the brain. There are three types of cranial hematomas: subdural, epidural, and 
intraparenchymal. Subdural hematomas occur when a vein between the brain and the dura mater, 
or the outermost lining of the brain begins to bleed. Epidural hematomas refer to bleeding 
between the dura mater and the skull. Bleeding within the brain’s nervous tissue is referred to as 
an intraparenchymal hematoma (“Intracranial hematoma - Symptoms and causes,” 2017). 
Hematomas are quickly screened by assessing the cranial nerves and the speed and severity of 
symptom onset. They are a life-threatening injury that can lead to stroke, permanent brain 
damage, and spontaneous death (“Intracranial hematoma - Symptoms and causes,” 2017).  
Concussion Symptoms Red Flags Warranting Medical Emergency 
 - Headache 
- “Pressure in the head” 
- Neck pain 
- Nausea or vomiting 
- Dizziness 
- Blurred vision 
- Balance problems 
- Sensitivity to light 
- Sensitivity to noise 
- Feeling slowed down 
- Feeling “in a fog” 
- “Don’t feel right” 
- Difficulty concentrating 
- Difficulty remembering 
- Fatigue or low energy 
- Confusion 
- Drowsiness 
- More emotional 
- Irritability 
- Sadness 
- Nervous or anxious 
- Trouble falling asleep 
 
- Neck pain or tenderness 
- Double vision 
- Weakness or tingling/burning in arms or legs 
-Severe or increasing headache 
-Seizure or convulsion 
- Loss of consciousness 
- Deteriorating conscious state 
- Vomiting 
- Increasingly restless, agitated, or combative 
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Hematomas were initially thought to be caused by the brain bouncing around within the 
skull. However, connective tissue and cerebrospinal fluid leaves little to no room for the brain to 
bounce. The brain is divided into the left and right hemispheres by the central sulcus. There is an 
extension of the dura mater and pia mater that runs down the central sulcus to the corpus 
collosum.  The location of the connective tissue between the hemispheres along with the dura 
mater, arachnoid mater, and pia mater help to hold the brain in place. Cerebrospinal fluid within 
the subarachnoid space also helps to suspend the brain and provide nourishment. Moreover, most 
concussions are the result of a sudden force causing cervical flexion, extension, or lateral flexion 
combined with a rotation of the head (James, 2012). These variables cause stretching of 
myelinated and unmyelinated nervous tissue within the brain, rather than bouncing of the brain, 
which begins a cascade of physiological processes to protect the brain (Giza & Hovda, 2014). 
Neurometabolic Cascade of Concussion 
 As with any injury, signs and symptoms are due to a metabolic reaction occurring within 
the tissues as part of the healing response. Damage to the brain causes a cascade of physiological 
changes that vary the type and severity of symptoms. The biomechanical forces that suddenly 
move and rotate the head causes stretching of axons within the brain. Sudden stretching damages 
the microtubules and neurofilaments that transmit information (Giza & Hovda, 2014). 
 The cascade begins with a widespread depolarization of the damaged tissue, causing 
potassium to rush out of the cells. Simultaneously, sodium and calcium ions flood into the cell. 
Increases in calcium ions cause the blood vessels in the brain to constrict and decrease cerebral 
blood supply. Decreased cerebral blood flow increases the energy demand of the brain, causing 
the brain to utilize more glucose than it can receive (“Energy Crisis During Concussion,” 2014). 
This state of hypometabolism creates a window of vulnerability for the brain that lasts at least 
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seven days and is associated with migraines, sensitivity to light, and sensitivity to noise (Giza & 
Hovda, The new neurometabolic cascade of concussion, 2014). 
 One cause of calcium ion release is glutamate. In the brain, glutamate is an excitatory 
neurotransmitter. While the brain is in homeostasis, there is a balance between glutamate and 
GABA, the primary inhibitory neurotransmitter. A rise in glutamate levels can last for as long as 
four days (Guerriero, Giza, & Rotenberg, 2015). During the recovery process, glutamate is 
released because of injury. This injury is not limited to a blow to the head before recovery is 
complete and leaves the brain in a vulnerable state for reinjury. Inflammation from the initial 
blow takes time to reside, and during that time it interrupts the normal communication between 
nerve cells (Giza & Hovda, 2014). 
 While the ion fluctuation is taking place, the stretched nervous tissue begins its 
inflammatory response. The stretching of the axons causes damage to the microtubules and 
neurofilaments within the axons. When damaged, these cannot properly transport 
neurotransmitters to the synapse, thus, leaving the potential for the synapse to be isolated with 
little to no communication. The damage occurring within the swollen axon then causes the cell to 
atrophy over time, with little to no regeneration back to normal function (Giza & Hovda, 2014). 
If recovery is not ideal, significant long-term side effects may cause impaired cognitive ability, 
decreased reaction time, and slow the brain’s ability to process information. See table 1.2 for 
association between pathophysiology and symptoms. 
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 Table 1.2: TBI Physiology and Associated Symptoms (Giza & Hovda, 2014) 
 
Long-Term Consequences 
 There have been many neurodegenerative diseases linked to impacts to the head. Studies 
of athletes and military personnel point to a suggestive relationship between chronic traumatic 
encephalopathy and impacts to the head. Chronic traumatic encephalopathy is a progressive four 
stage neurodegenerative disease that can lead to early dementias, schizophrenia, mood swings, 
depression, and suicide. There is a direct ‘dose-response’ relationship to dementia in individuals 
that experienced multiple concussions (Guskiewicz et al., 2005). However, no longitudinal study 
has been done that shows any pathological or radiographic neurodegenerative confirmation 
(Giza, Prins, & Hovda, 2017). The lack of confirmation means there is no known way to 
accurately test for chronic traumatic encephalopathy until an individual is deceased. However, 
there is evidence that recovery from concussion takes longer than what is usually allowed and if 
proper recovery and treatment is not provided, there are long-term consequences. 
Post concussive syndrome occurs in individuals experiencing concussive-like symptoms 
for more than three months. These can be in the form of somatic, psychologic, or cognitive 
symptoms. This is not a long-term issue, as most individuals recover within three to six months 
(Hall & Chapman, 2005). However, experiencing symptoms for more than a year is considered 
chronic post concussive syndrome (Ling, Hardy, & Zetterberg, 2015). Chronic post concussive 
syndrome is usually seen in cases where concussions were not handled correctly, be it return to 
Post-TBI pathophysiology Acute symptom / Clinical correlate 
Ionic flux Migraine headache, photophobia, phonophobia 
Energy crisis Vulnerability to second injury 
Axonal injury Impaired cognition, slowed processing, slowed 
reaction 
Impaired neurotransmission Impaired cognition, slowed processing, slowed 
reaction 
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contact too early in recovery, going unreported, not being recognized, or when the traumatic 
brain injury is severe enough that an individual loses consciousness for an extended period 
(Ling, Hardy, & Zetterberg, 2015). It is this lack of treatment and recognition of concussion that 
has most notably been linked to chronic traumatic encephalopathy, made known by Dr. Omalu 
(Omalu et al., 2005).  
The main difference between chronic post concussive syndrome and chronic traumatic 
encephalopathy is the age they begin to show. The signs and symptoms of chronic traumatic 
encephalopathy usually happen in individuals over thirty years old (Jordan, 2013). Cognitive 
impairments due to chronic traumatic encephalopathy are like those of acute concussion and 
post-concussion syndrome. Individuals may experience concentration issues, amnesia, and 
spatial memory dysfunction. It has been found that approximately one third of chronic traumatic 
encephalopathy cases have a comorbidity for neurodegenerative diseases and Parkinson-like 
symptoms including Lewy body diseases, motor neuron diseases, frontal and temporal lobe 
degeneration, and Alzheimer’s (McKee et al., 2013; Ling, Hardy, & Zetterberg, 2015). 
Unfortunately, as of now there are no known diagnostic tools for chronic traumatic 
encephalopathy. The main prevention of this impairment is immediate recognition of concussive 
blows. Thus, there are many different sideline diagnostic tools available for both professional 
medical providers and coaches or parents.  
Sideline Diagnostic Tools 
The sports medicine field possesses a wide variety of sideline concussion tools. Many of the 
tools require some sort of baseline to be effectively used to screen for concussions. Most 
screening tests include a multimodal approach to screen for concussions. These areas include but 
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are not limited to: a symptom checklist, orientation, immediate memory, neurological screening, 
concentration, balance, delayed memory recall, and ocular tracking. The most common, and 
well-established, sideline tool to date is the Sideline Concussion Assessment Tool (SCAT3) 
(Patricios et al., 2017). The SCAT3 has now been updated to the SCAT5, yet the assessment is 
nearly identical.  
 Most medical experts agree the SCAT3 is the most thorough concussion screening tool 
available (Patricios et al., 2017). The SCAT3 is currently used in youth, high school, collegiate, 
and professional sports around the world (Gorman et al., 2016; Chin et al., 2016). There are, 
however, a few downsides to the use of the SCAT3. Athletes who have taken the test before may 
be familiar with the words. Some athletes may also the words out to teammates to help them 
score higher on their baseline test. This only raises the score of the baseline and creates difficult 
return-to-play decisions if the SCAT3 is incorporated into the decision by sports medicine staff. 
Another drawback to the SCAT3 is that it is administered on the sideline, so there are external 
distractions, such as the crowd or coaching staff and players, which can interfere with 
concentration. It is advised that the athlete be screened in a quiet place to screen for concussion, 
which is not always possible in the world of sports.  
 Due to the environment of sports, the medical staff is usually located near the bench of 
the teams playing. This makes it difficult in sports, like rugby or football, where athletes and 
coaches can obstruct the view of the field. It is now recommended that video review be 
implemented with the SCAT3 to include the mechanism of injury behind a suspected concussion 
(Patricios et al., 2017). Recently, impact sensors on helmets have been used to help sports 
medicine staff screen for an unseen potential concussion. This has been ineffective in both cost 
and accuracy of the sensors (Patricios et al., 2017). 
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 One of the critical elements of a sideline screening tool is the ability to quickly screen for 
a suspected concussion (Patricios et al., 2017). Nearly all sports are played with some sort of 
timeline and require sports medicine staff to make quick decisions on return to play. Decisions 
are based on qualitative and quantitative measures with no definitive testing method for 
concussions (Patricios et al., 2017). There has been some research in the form of blood testing, 
but no true biochemical marker has been found (Giza, Prins, & Hovda, 2017). This is also a 
problem because some signs are not present immediately after trauma, and some athletes will try 
to hide the fact that they have symptoms. 
 There has been some research into biochemical markers as a method of diagnosing 
concussions. Seven studies have examined the concentrations of microRNA expression within 
adults suffering from a traumatic brain injury. MicroRNA are RNA fragments that prevent the 
production of normal RNA proteins. These studies found changes in microRNA expression 
within twenty-hours of a traumatic injury (Johnson et al., 2017).  Another study examined the 
accuracy of testing microRNA expression within children. They found salivary microRNA 
changes may help identify symptoms and determine the severity of a concussion (Johnson et al., 
2017). This may lead improved diagnostic testing and determine return to play status. 
 Unfortunately, in many settings such as middle schools, pee-wee club sports, and 
intramural college sports, these sideline concussion testing tools are not available. The tests are 
valuable tools when used correctly, but still have flaws in their ability to screen individuals for 
concussions. There is also the ability for the athlete to lie or fake a poor performance on a 
baseline test to increase their chance of returning to play after a concussive blow. This suggests a 
need for education on concussions in sports and populations that would not otherwise receive 
this information.  
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Proper Concussion Treatment 
Research has shown that glucose hypo-metabolism in animal models appears to last about 
seven days after the initial injury. One study shows an increase in the severity of hypo-
metabolism and memory impairment when a subsequent injury occurred at day three and at day 
five. When injuries were spaced out more than five days, the injury did not compound onto the 
initial injury, and acted as two separate injuries (Giza & Hovda, 2014). Thus, concussion 
treatment should include a period of rest with a gradual return to activities as tolerated to 
minimize the potential for the long-term consequences previously discussed. 
The treatment for a concussion has been changing from cocooning, or avoiding all 
activity until symptoms have diminished, to a gradual-return-to-play progression. In the case of 
all injuries, rest is usually the best medicine for recovery. The period of rest refers to both 
physical and cognitive rest. With many athletes also being students, it is important for teachers to 
be involved in the recovery process. However, rest does not mean the exclusion of physical 
activity, only a modification of daily activities. This is usually modified in the way of intensity 
and volume of activity.  
 Light aerobic activity in the form of walking is commonly used to help speed up recovery 
once symptoms are tolerable (Giza, Prins, & Hovda, 2017). This period of light physical activity 
is continued until the athlete possesses little to no symptoms on a concussion symptom checklist. 
These checklists are usually identical to the ones found on the SCAT3, containing twenty-two 
symptoms that are scored from zero to six with zero representing no symptoms at all and six 
representing symptoms as worst as possible.  
 Most gradual-return-to-play progressions last around five to ten days, with each day 
involving more intense physical activity and/or volume of activity. The return to play should 
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incorporate more sport specific movements and exercise each day to screen for readiness for 
return to play and build the athlete’s confidence in their return to play. The final day involves 
participation in non-contact practice. After each day, the athlete is told to record any changes in 
symptoms for the next twenty-four hours. If symptoms increase or new symptoms arise, the 
return to play is continued at the intensity that did not cause symptoms until the symptoms fade, 
and then is progressed again.  
A return-to-play protocol that incorporate physical activity has been shown to decrease 
the recovery time of a concussion compared to a cocooning method (Schneider et al., 2017). 
Symptom limited physical activity is done after a period of rest has shown reduce the chance of 
having post concussive symptoms or post concussive syndrome (Sawyer, Vesci, & McLeod, 
2016). Another benefit of a gradual return to play is the ability to limit the amount of 
deconditioning an athlete may have during their time away from sport (Sawyer, Vesci, & 
McLeod, 2016). This also helps to keep athletes away from their sport during the seven to ten-
day timeframe that a re-injury is most likely to occur (Schneider et al., 2017). 
Conclusion 
Concussion research and treatment has progressed exponentially over the past two 
decades. We now have standardized terms and definitions of concussions that cover the signs, 
symptoms, and long-term consequences. Researchers found causal and correlational 
relationships between traumatic brain injuries, concussions, and sub-concussive blows that may 
lead to chronic traumatic encephalopathy, Parkinson-like symptoms, chronic post concussive 
syndrome, and early on-set Alzheimer’s disease. Sports medicine staff, coaches, and now 
parents, have access to sideline assessment tools to screen for suspected concussions during 
practices and events. Yet, despite all these advances, there are still many questions left 
unanswered, such as: How many concussions are too many? How hard of an impact will cause a 
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concussive blow/sub-concussive blow? Should there be a method of tracking cranial impacts? 
What biomarker testing can be used on the sidelines, that is both time and cost efficient? With 
research still needing to be done in these areas, a focus should be on the education of not just 
coaches, but athletes and their parents (Giza, Prins, & Hovda, 2017).  
There is a gap between the knowledge of the public and the amount of information that 
has been provided to educate. All fifty states require coaches at high school, collegiate, and 
professional levels to complete annual concussion training. This does not cover the coaches at 
the club and pee wee levels. Until more certain diagnostic and recovery tracking methods can be 
found, the direction of concussion awareness and adherence to safe return to play protocols lies 
within athlete and public education.  
 
Acute Concussion Education Brochure 
The purpose of this thesis is to provide education on concussion to student athletes 
participating in high-risk club sports within Iowa State Recreation Services. The presentation 
will cover signs and symptoms of concussion, proper treatment of concussion, and long-term 
consequences associated with lack of proper treatment. It will also include a pre- and post- 
survey for athletes to complete that will cover concussion topics and their opinions on 
concussion treatment.  
A brochure to hand out to athletes who sustain a concussion will also be developed. 
Many times, concussed athletes are given information on how to properly take care of 
themselves by word of mouth and a few notes on paper. This information is given while athletes 
have symptoms that include difficulty concentrating and trouble with their memory. The 
brochure will provide key notes from the presentation given at the beginning of the sport season, 
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red flags to watch for that could mean a medical emergency, and a flow chart to help guide and 
remind the athlete of what steps to take for safe recovery.  
It is hoped that the information provided in the presentation and brochure will improve 
the appreciation and adherence for concussion return to play protocols. With more research 
needing to be done for a more accurate diagnosis of concussion, this project should help to make 
athletes more proactive in reporting their symptoms or another athlete’s signs of concussion. 
This will also help to promote a faster return to play, without risking their long-term health. 
While athletics are a major part of our society, the athletes’ health and well-being should take 
precedence over the short-term entertainment our athletics provide. 
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CHAPTER 2: 
ACUTE CONCUSSION EDUCATION BROCHURE 
 The current tools used for diagnosing concussions are continuing to be refined and 
developed, as no concussion tool can diagnose a concussion with 100% accuracy (Patricios et al., 
2017). For concussion diagnostic tests and tools to be more accurate, other factors (i.e. signs, 
symptoms, mechanism of injury, personality changes) must be considered to accurately diagnose 
a concussion (Patricios et al., 2017). There are many different concussion diagnostic tools that 
vary in practicality and cost, making it difficult for low-budget schools or sport associations to 
afford the higher quality/more accurate diagnostic tools. Some states have mandated strict 
removal of athletes from play if any of the 22 symptoms of concussion are mentioned by a 
coach, medical staff, parent, or athlete (Carroll-Alfano, 2017). It has also been mandated in many 
of these states that a 7 to 10 return to play progression be implemented, regardless of a 100% 
accurate diagnosis of concussion (Carroll-Alfano, 2017; The Network, 2017).  
 Along with the need for improved diagnostic tools, the proper treatment and 
rehabilitation following a concussion is also changing. Since the start of this project, concussion 
rehabilitation suggestions have become more accurate and specific to individual signs and 
symptoms. For instance, the Buffalo Concussion Treadmill Test (BCTT) is gaining popularity in 
its clinical use and ability to differentiate the source of concussive symptoms (Leddy, Baker, 
Haider, Hinds, & Willer, 2017). The BCTT helps to distinguish between four known sources of 
concussive symptoms; physiological, vestibulo-ocular, cervicogenic, and/or migraine (Leddy, 
Baker, Haider, Hinds, & Willer, 2017). Knowing where the possible source of concussive 
symptoms are coming from allows for a more specific concussion rehabilitation, as no 
concussion is the same and each individual show different combinations of signs and symptoms 
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(Langlois, Rutland-Brown, & Wald, 2006; Meaney & Smith, 2011; Prien, A, Grafe, A, Rossler, 
R, Junge, A, & Verhagen, E, 2018). The variety in concussive signs and symptoms, differences 
in sources of concussive symptoms, changes in concussion rehabilitation, and variety of 
concussion diagnostic tools further increases the need for athletes to know how to properly take 
care of themselves during the post-concussion acute stages (i.e. 24-72 hours).  
 One major issue with diagnosing and reporting concussions may the symptoms that are 
experienced during a concussion. There are 22 different symptoms that include, but not limited 
to: memory loss, troubles concentrating, feeling in a fog, fatigue, headache, and confusion 
(Carroll-Alfano, 2017; Patricios et al., 2017). Many times, following a concussion, athletes may 
be bombarded with questions about their symptoms when their symptoms may not allow them to 
perform the higher-level self-awareness to recognize concussive symptoms within themselves. If 
the athlete is diagnosed with a concussion, they are likely given a lot of information about the 
proper treatment and emergency red flags. However, the symptoms of concussion are likely 
inhibiting their ability to retain and/or comprehend this information. Teammates, coaches, 
parents, and friends may also try to assist the athletes by giving them information about proper 
treatment that could harm the athlete or delay the recovery process. This is where the acute 
concussion education, in the form of a tangible pamphlet, may be beneficial for athletes.  
 The Concussion brochure was designed, with the help of Iowa State Recreation Services 
Marketing Team, to give to athletes following a suspected concussion. It contains information 
regarding; the definition of a concussion, emergency red flags that warrant visiting the 
emergency department, what can help recovery, what can hinder recovery, and the long-term 
consequences of improper treatment. There is also a part of the brochure that contains a score 
card of all 22 symptoms, similar to the SCAT5 that allows athletes to track over a weekend. 
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Figure 2.1 for a more accurate view of the content and design of the Concussion brochure. When 
an athlete, both home and visiting, is diagnosed with a concussion, they or their team are given a 
Concussion brochure. 
It is thought that the implementation of frequent concussion education throughout the 
sport season will improve concussion reporting/diagnosis. It is estimated that 50% of 
concussions go undiagnosed (UPMC, 2019). The Concussion brochure allows for reinforcement 
of any concussion education done with a team, and for an accurate reference of proper care for a 
concussed athlete. More research is building on the effectiveness of concussion education, 
however, it is uncertain how much, when, and who should be giving this education to athletes, 
coaches, and parents. The use of a simple brochure may be a useful tool. Future research is 
needed to determine if this type of brochure is effective for concussion education in athletes. 
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 A  
 
B 
 
Figure 2.1 Concussion Brochure. The front portion of the trifold is shown in A, and the inside 
portion of the trifold is shown in B. 
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CHAPTER 3: 
EFFECTS OF PRESEASON CONCUSSION EDUCATION ON SELF-REPORTED 
LIKELIHOOD AND CONFIDENCE IN CONCUSSION REPORTING 
Introduction 
 Sport related concussions are currently one of the hottest medical topics surrounding 
sports at all levels of play. The Centers for Disease Control and Prevention defines a concussion 
as any bump, blow, or jolt to the head that disrupts normal brain function. The mechanism of 
concussion is usually a “whiplash” motion that combines a violent flexion or extension of the 
neck with rotation of the head (Meaney & Smith, 2011). It is estimated up to nearly 3 million 
sport related concussions occur in the United States every year and that half of all concussions go 
unrecognized or are not reported to medical professionals during practice or games (UPMC, 
2019). The risk of second brain injury after sustaining an initial concussion can lead to a much 
longer recovery, lack of symptom resolution, long-term neurodegenerative diseases, and even 
sudden death from second impact syndrome (Guskiewicz et al., 2005; Langlois, Rutland-Brown, 
& Wald, 2006; McKee et al., 2013). With concussion evaluation tools not fitting into most sport 
environments due to the time it takes to properly administer testing, or due to the lack of 
resources/access to better concussion assessment tools, education has been a growing approach 
to early recognition and removal from play (Gouttebarge, V et al., 2019; Manasse-Cohick & 
Shapley, 2014).  
Concussion education for athletes is a relatively new approach to concussion 
management. Research among high school football players without concussion education shows 
a lack of awareness in the signs and symptoms of a concussion (Cournoyer & Tripp, 2014). 
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While the symptoms of headache, dizziness, and confusion were the most known; more serious 
symptoms such as neck pain, nausea/vomiting, and personality changes were missed (Cournoyer 
& Tripp, 2014). Many athletes are unaware that improper care of concussions may lead to brain 
hemorrhaging and/or death (Cournoyer & Tripp, 2014). Without any education in concussions, 
high school athletes appear to only be able to recognize 53% of concussion events (Register-
Mihalik et al., 2013). With an estimated 3 million concussions occurring in the United States 
alone, it may be likely that this is only half of the number of concussions happening in sport and 
recreation (Langlois, Rutland-Brown, & Wald, 2006). Moreover, there is limited research 
examining concussion in sport and recreation, including the impact of concussion education on 
reporting possible concussions. 
Recently, the United States and the District of Columbia have established concussion 
legislation and 43 of 51 states now require annual concussion-education for their student-athletes 
(Carroll-Alfano, 2017). A study among university level athletes showed many athletes do not 
report their concussions during practice or games. Their results showed within 12 months, nearly 
92 of their 469 athletes had suffered a concussion, with 72 of those not reporting their 
concussion or seeking medical attention (Delaney, Lamfookon, Bloom, Al-Kashmiri, & Correa, 
2015). Their main reasoning behind this behavior was because they, “did not feel the concussion 
was serious/severe and felt you could still continue to play with little danger to yourself,” 
(Delaney, Lamfookon, Bloom, Al-Kashmiri, & Correa, 2015). This would suggest that there is a 
need to educate athletes about the signs, symptoms, and serious long-term consequences of 
concussions to promote reporting of such events. Indeed, a survey of high school football 
players, found that concussion education helps athletes fill the gaps of knowledge in the signs, 
symptoms, and serious long-term consequences of concussions (Cournoyer & Tripp, 2014). 
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However, to our knowledge, the effectiveness of concussion education has not been tested in 
college sport and recreation athletes. 
The purpose of this study was to determine if concussion education during preseason is 
effective for college-aged athletes. All participants that received the concussion education 
presentation also completed three identical surveys, while those that did not attend the 
presentation received one survey. It was hypothesized that participants that received the 
concussion education would score higher on the outcome measures of reported likelihood and 
confidence in reporting possible concussions in themselves, and their teammates. It was also 
hypothesized that returning to sport would change the participants’ outcome measures in 
likelihood and confidence of reporting possible concussions. 
Methods 
Study Design 
 Visualization of the study design is shown in Figure 3.1. At the start of the study, 
participants were asked to attend a concussion education presentation. This presentation went 
over the definition of a concussion, the signs and symptoms of concussion, red flags warranting 
emergency medical attention, an overview of proper treatment, and the long-term consequences 
 
Figure 3.1 Visualization of how the surveys were administered in relation to the presentation 
and 2-3 week into the athletes’ respective activities. 
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of improper treatment. The presentation lasted 45 to 60 minutes, depending on how many 
questions participants had at the end.  
 
 Before the presentation began, participants were asked to complete a Presurvey using 
Qualtrics. Participants were asked to complete the same survey after the presentation (Post 
Survey 1). This was to measure any immediate change in scores due to the concussion education 
presentation. The survey measured the participants’ confidence in recognizing a concussion in 
themselves and a teammate, their likelihood to report a concussion in themselves and a 
teammate, and how important the participant thought concussion education is for athletes. These 
questions were measured using a ten-point slider bar, with 1 being low confidence/low 
likelihood/not important and 10 being the high confidence/high likelihood/important (Table 3.1). 
The surveys also gathered information on participants’ gender, sport/activity they participate in,  
  
 
Figure 3.2 Slides from the preseason concussion education sessions. 
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history of prior concussions, if they think concussions are a serious health concern, and if they or 
a teammate they know have ever tried to hide a possible concussion. 
 
The final survey, Post Survey 2, was sent out two to three weeks after participants were 
finished attending concussion presentations. This survey was sent out to all of Iowa State 
Recreation Services Club Sports, Iowa State Hockey, and the Outdoor Recreation Program, 
regardless of their participation in any presentation. Participants marked yes or no to whether or 
not they had attended a concussion presentation. The participants that did not attend a concussion 
presentation were used to compare scores to those who had attended the presentation. For the 
participants that did mark yes to receiving the concussion presentation, their scores were 
compared to Post Survey 1 to measure any retention after returning to their sport/activity for 2-3 
weeks. 
Table 3.1: Survey questions participants answered for each of the survey administered.               
Question 1 Have you received the Concussion Education Presentation for this research study? 
Question 2 What is the date today? 
Question 3 What team/club are you apart of? 
Question 4 What was your sex assigned at birth?  
Question 5 Concussions are a serious health concern. 
Question 6 Have you ever had a diagnosed concussion before? 
Question 7 Have you ever had a possible concussion that you tried to hide during practice/competition? 
Question 8 Have you known of a teammate to ever hide a possible concussion? 
Question 9 How likely are you to report a possible concussion in yourself?  
Question 10 How likely are you to report a possible concussion in a teammate?  
Question 11 How confident are you to recognize signs and symptoms of concussion in a teammate?  
Question 12 How confident are you to recognize signs and symptoms of concussion in yourself?  
Question 13 How beneficial do you think concussion education is for athletes?  
Shading represents the questions used as outcome measurements. 
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Participants 
Participants were recruited by word of mouth and/or emails, from the Iowa State Hockey 
team, Iowa State Club Sports, and the Outdoor Recreation Program. Participants’ age ranged 
from 18-30 years old, to allow non-traditional students to participate. All participants gave 
informed consent prior to beginning each survey. See table 3.2 for the demographic information 
of participants. 
Some athletes decided not to participate/complete Post Survey 1 that attended the 
concussion education session(s) or showed up late to the concussion education session(s), 
leaving uneven numbers between Presurvey and Post Survey 1. This left a final total of 244 
survey responses; 54 responses for the Presurvey, 53 responses for Post Survey 1, and 136 
responses for Post Survey 2. Thirty-eight athletes that responded to Post Survey 2 also attended a 
concussion education session, while the other 98 athletes who responded to Post Survey 2 did not 
attend a concussion education session. 
Data and Statistical Analysis 
Mean and standard deviation were completed for each question that was designated as an 
outcome measure, as well as for the sum of the five questions for all surveys.  Differences in 
responnses between men and women were examined with an Independent Samples t-test. A one-
way Analysis of Variation (ANOVA) was completed to compare scores among the three survey 
time points. A separate ANOVA was completed for each question and for the sum of the five 
questions. To determine if athletes who received preseason concussion education had higher 
concussion awareness (hypothesis 1), an a priori posthoc comparison using Tukeys Honestly  
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Table 3.2 Demographic Information for each Survey 
Sport Survey Male/Female NoCon/Con/Unsure 
Presurvey 
WRUG 1 0/1 1/0/0 
MRUG 21 21/0 15/5/1 
MHOCK 22 22/0 6/15/1 
MULT 4 4/0 3/1/0 
WSB 7 0/7 4/3/0 
Post Survey1 
WRUG 1 0/1 1/0/0 
MRUG 22 22/0 14/6/2 
MHOCK 19 19/0 6/12/1 
MULT 4 4/0 3/1/0 
WSB 7 0/7 4/3/0 
Post Survey2 
WRUG 18 0/18 10/6/2 
MRUG 15 15/0 8/5/2 
MHOCK 31 31/0 14/13/4 
MULT 17 17/0 14/3/0 
WSB 8 0/8 5/3/0 
WULT 6 0/6 5/1/0 
WVB 14 14/0 11/3/0 
ORP 13 9/4 8/4/1 
WC 14 10/4 7/7/0 
Total 244 188/56 139/91/14 
WRUG: Women’s Rugby; MRUG: Men’s Rugby; MHOCK: Men’s Hockey; MULT: Men’s 
Ultimate Frisbee; WSB: Women’s Softball; WULT: Women’s Ultimate Frisbee; WVB: 
Women’s Volleyball; ORP: Outdoor Recreation Program; WC: Weightlifting Club 
NoCon: No history of concussion; Con: History of at least one concussion; Unsure: Not sure 
of concussion history 
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Significant Difference (HSD) test between the Presurvey and Post Survey 1 was 
completed. To determine if athletes returning to in-season/competition retained changes in 
concussion awareness (hypothesis 2), an a priori posthoc comparison using Tukeys HSD 
between Post Survey 1 and Post Survey 2 was completed. Effect sizes were measured using 
Cohen’s d to determine the magnitude of any differences between surveys. 
Additional exploratory analyses were completed to examine any differences, if any, 
between what team the participants compete in and how concussion history may have impacted 
scores. To examine differences between Survey scores among teams and previous concussion 
history, a 3 (pre, post 1, and post 2 survey) by 2 (concussion or no concussion) by 9 (team) 
Analysis of Variation (ANOVA) was completed for each individual question score and the sum 
of score for the 5 questions. 
Data were also examined to determine if there were any differences between participants 
that were in-season and received the preseason education vs. those who were in-season and did 
not receive preseason education. To examine differences in Post Survey 2 (in-season survey) 
scores between those who received the concussion education and those who did not, an 
independent samples t-tests was completed for each individual question score and the sum of 
scores for the five questions. 
Results 
 Primary Results 
There was not a significant difference between responses made by men and women (t= -
1.794, p=.826). The mean and SD for the sum of scores for all 5 questions for each survey are 
shown in Figure 3.3. Results revealed a main effect (F(3)= 25.317, p < 0.001).  Post hoc analysis 
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revealed a significant difference between Pre survey and Post 1 Survey (p < 0.001) with a large 
effect size (d = -1.279), and Pre survey and Post 2 survey (p < 0.001) with a small-medium effect 
size (d = -0.346). There was no difference between Post 1 survey and Post 2 survey (p = .785) 
with a large effect size (d = 0.949).  
Results of each individual question are shown in Table 3.3. For each question, results 
revealed a main effect (F(2) > 9.48, p < 0.001). Post hoc comparisons revealed similar results as 
for the sum of scores and are shown in Table 3.3. In short, significant differences were revealed 
for comparisons between Pre survey and Post 1 survey, and Pre survey and Post 2 survey (except 
for question 12 – confidence in recognizing symptoms in yourself).  
 
Figure 3.3. Mean and standard deviation for Presurvey (Pre), Post Survey 1 (Post1), and Post 
Survey 2 (Post 2). Asterisks designate significant differences at p < 0.001. 
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Table 3.3. Mean and SD for each question 
Question 
Number 
Pre Post1 Post2 
Pre vs 
Post1 
Pre vs 
Post2 
Post1 vs 
Post2 
Question 9 6.87 ± 2.35 8.70 ± 1.62 8.42 ± 1.55 p < .001 p < .001 p < .901 
Question 10 6.47 ± 2.56 8.56 ± 1.70 8.00 ± 2.19 p < .001 p < .008 p < .646 
Question 11 6.96 ± 2.13 8.35 ± 1.35 8.18 ± 1.54 p < .001 p < .008 p < .971 
Question 12 6.96 ± 2.07 8.65 ± 1.43 8.37 ± 1.28 p < .003 p < .068 p < .893 
Question 13 9.04 ± 1.40 9.78 ± 0.72 9.95 ± 0.23 p < .003 p < .001 p < .882 
Comparisons between Presurvey (Pre) and Post Survey 1 (Post1), Presurvey and Post Survey 2 
(Post2), and Post Survey 1 and Post Survey 2 are shown. 
Exploratory Results 
Figure 3.4 shows the mean and SD for the sum of scores for all 5 questions for Post 
Survey 2 for those that attended a concussion education session and those that did not attend a 
concussion education session. Results revealed a significant difference (t= 5.199, p< .001) 
 
Figure 3.4: Mean and SD between those who took Post Survey 2 and attended the 
concussion education (Pres) and those who did not attend the concussion education 
presentation but took Post Survey 2 (NoPres). Asterisks designate significant differences at 
p < 0.001. 
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between groups. The results of each individual question are shown in Table 3.4. A significant 
difference between groups was revealed for each question, except question 10. 
Table 3.4: Individual mean and SD for each 10 point-scale question on Post Survey 2 
Question Number Post2    Pres Post2 NoPres Pres vs NoPres 
Question 9 8.421 ± 1.553 7.663 ± 1.969 p < .035 
Question 10 8.000 ± 2.193 7.439 ± 2.320 p < .201 
Question 11 8.184 ± 1.540 6.265 ± 1.881 p < .001 
Question 12 8.368 ± 1.282 6.867 ± 2.113 p < .001 
Question 13 9.947 ± 0.226 9.173 ± 1.244 p < .001 
Shown are those who took Post Survey 2 and attended the concussion education presentation and 
those who did not attend. As well as, comparisons between each question. 
 For the survey by concussion by team analysis, results revealed no main effects among 
teams (F(11)=.315 , p= .976)  or concussion history (F(6)=1.100, p= .383). As in the primary 
analysis, a main effect of survey was revealed (F(12)=.315, p=.865). No interaction effects were 
revealed (Table 3.5). 
 
Discussion 
The purpose of this study was to determine if concussion education during the preseason 
is effective with college-aged athletes and if these changes would be retained over 2 to 3 weeks 
of returning to in-season/competition. Results revealed a significant difference between the 
Table 3.5: Summary of interactions between Survey, Team, and Concussion History. 
Interaction F df p 
Survey * Team 0.315 11 0.976 
Survey * Concussion 1.1 6 0.383 
Concussion * Team 1.598 11 0.255 
Survey * Team * 
Concussion 
0.57 12 0.865 
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confidence and likelihood of reporting possible concussions before and after the preseason 
concussion education. Moreover, results revealed no difference in Post Survey 1 and Post Survey 
2 scores suggesting that the confidence and likelihood of reporting possible concussion was 
maintained during the beginning of competitive season. There were also no significant 
differences between men and women in their responses. This is one of the first studies to 
examine the effectiveness of preseason concussion education in collegiate hockey and collegiate 
club athletes.  
The primary finding of this study suggests that preseason concussion education is 
effective for increasing concussion perception in college sport and club athletics. Previous 
research supports this finding. Findings among high school football players have revealed that 
concussion education significantly improves scores on the Concussion Attitude Index, a measure 
of both knowledge and attitudes in concussions (Manasse-Cohick & Shapley, 2014). Moreover, 
research has shown that preseason concussion education improved attitudes towards concussions 
and treatment in professional soccer players (Gouttebarge et al., 2019). Taken together, these 
results suggest that concussion education may be an effective tool for better diagnosis and 
treatment of concussion. To effectively diagnose and treat a concussion, the athlete, parent, or 
coach much first recognize the symptoms and report them to an athletic trainer or physician. The 
results of this study revealed that preseason concussion education improves recognition of the 
signs and symptoms of concussion, however future research is needed to determine if preseason 
concussion education increases the number of reported concussions among athletes. 
In addition to assessing the sum of scores in this study, each individual question was 
tested to determine if there was a single question impacting significance. Results revealed a 
significant difference between Presurvey and Post Survey 1 for all questions. However, question 
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12 (How confident are you to recognize signs and symptoms of concussion in yourself?) was the 
only nonsignificant change in score between Presurvey and Post Survey 2 (Presurvey: 6.964 ± 
2.069, Post Survey 2: 8368 ± 1.282, p < 0.068). This suggests that the athlete’s ability to 
recognize symptoms of concussion may continue to decline as their season progresses or that 
returning to competition impairs their confidence. Continued follow-up concussion education 
may be needed. A multi-sport high-school athlete receives preseason concussion education for 
each sport they participate in and may have a higher and more consistent level of concussion 
perception than a single sport athlete who receives the education each season. However, many 
college athletes do not play more than one sport, so they may only receive concussion education 
one time. Taken together, this suggests that follow-up concussion education throughout the 
competitive season may be beneficial to college athletes. 
Further exploratory analyses were completed. Post Survey 2 was sent out to participants 
regardless of whether or not they had attended a preseason concussion education session. This 
served as a control to evaluate any differences between in-season/competition participants with 
(Pres) and without (NoPres) preseason concussion education. The results showed that there is a 
significant difference between the Pres and NoPres group in their perceptions about concussions. 
Indeed, previous research has shown that preseason concussion education is effective for high 
school and professional sports (Carroll-Alfano, 2017; Gouttebarge, V et al., 2019). The results of 
this study further support the need and effectiveness of preseason concussion education in 
college hockey and club athletes. 
The final key finding with this study was that scores were not impacted by participating 
in a particular sport or a history of concussions. Previous research has focused primarily on 
providing concussion education to one athletic team rather than a variety of both collision sports 
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and non-collision sports.  Moreover, no previous study considered whether or not the athletes 
receiving concussion education has suffered a previous concussion or not. In this study, 
concussion education was provided across multiple teams. It might be assumed that concussion 
education would be more effective for collision team, like hockey and rugby. However, our 
exploratory results revealed that there were no differences across teams. This is in contrast to 
previous research that revealed that coaches of collision sports, more specifically male coaches, 
were less responsive to the proper management of concussions (Kroshus, Baugh, & Daneshvar, 
2016). Moreover, it might be assumed that concussion education would be more effective for 
those who have suffer a previous concussion. Our exploratory results also revealed no significant 
effect of previous concussion. Thus, these results are among the first to show that regardless of 
risk or history of concussion, concussion education for the athlete is effective for all college sport 
and club athletics. However, the sports associated with a high risk of concussion, hockey and 
rugby, did have higher number of participants compared to the other club sports, with 29.6% of 
surveys responses from Men’s Hockey and 23.9% from Men’s Rugby (Prien, A et al., 2018). 
This may suggest that athletes at high risk have a greater interest due to a more personal 
connection to the subject matter as compared to the possible intentions of coaches. However, the 
difference in interest between athletes and coaches as in the previous study (Kroshus, Baugh, & 
Daneshvar, 2016) could also be due to more interaction with the teams’ Athletic Trainer.  
Future research on concussion education should consider the design of the education 
session. Preseason concussion education for this research study was scheduled to be 45 to 60 
minutes long. Most of the sessions lasted longer due to athletes asking questions regarding 
concussion return to play protocol, legislation, emerging diagnostic tools, and/or concerns about 
the lack of athlete education about concussions. The content of the education session was 
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determined by an athletic trainer (principle investigator) based on a thorough review of current 
literature on concussion. In contrast, Gouttebarge and colleagues designed the education session 
for professional soccer players based upon information the athletes provided (Gouttebarge, V et 
al., 2019). The athletes wanted the session to include the definition of concussion, the ways to 
recognize concussions, and the reasons behind removing a player from play due to suspected 
concussions and suggested that session should only last 5 to 10 minutes to maintain interest 
(Gouttebarge, V et al., 2019). Results revealed that this type of education format was effective at 
improving attitudes towards concussion reporting and concussion management. In comparison to 
the current study, the content covered was similar, but to thoroughly cover the concussion, the 
session needs to more than 5 to 10 minutes as suggested by Gouttebarge and colleagues. The 
session delivered in this study, though, could be condensed to 30 minutes to be more practical for 
the busy schedule collegiate athletes maintain. Nonetheless, future studies are needed to 
determine the most effective design and delivery of concussion education. 
 Limitations 
 The quantitative scores taken from participants were all self-reported measures. This may 
have led to some biased reporting in some of the participants. Surveys were created to examine 
how athletes would rate themselves, rather than testing their knowledge. There were no ways to 
differentiate or exclude if outside influences, such as public interest in concussions, were the 
cause of any of the reported measures. All three surveys used were identical to one another but 
were not validated surveys. When this research was started there were no known concussion 
surveys that examined what was being researched in this study. The survey was directed towards 
the self-reported confidence and likelihood of athletes reporting possible concussions. A measure 
of the amount of information learned before and after the concussion education session was not 
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implemented. This was primarily to make the study more generalizable to the application of 
preseason concussion education, as mandated by legislation (Carroll-Alfano, 2017). Most of the 
recruiting and all of the concussion education sessions were completed by the Athletic Trainer 
for the club sports. This may have led to some bias in the participant responses. Again, this was 
done to try to ensure the study was done in a fashion similar to a real-world environment of 
preseason concussion education for athletes. It was noted, however, the teams that had more 
interaction with the Athletic Trainer(s) had more athletes attend the concussion education 
sessions than the teams that did not have as much interaction with the Athletic Training Staff. 
Conclusion 
 In conclusion, this study revealed that preseason concussion education may be an 
effective means to increase athlete concussion perception. Significant differences were found in 
athletes’ self-reported likelihood and confidence in reporting concussion before and after 
preseason concussion education. These changes were also maintained for 2-3 weeks after the 
start of competition/in-season status. This suggests that concussion education may be an 
effective tool for improving the diagnosis and treatment of concussion in college sport and club 
athletics. However, there remains a need to determine the most effective design of concussion 
education and whether or not concussion education leads to an increase in the number of 
reported concussions among college sport and club athletics.  
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CHAPTER 4: 
SUMMARY AND CONCLUSION 
 Sport related concussion is one of the largest growing interests in research and sports 
medicine. With Dr. Omalu’s findings of chronic traumatic encephalopathy in NFL football 
players, the public is now more aware than ever, of some of the long-term consequences of 
improper concussions care (Omalu et al. 2005). Concussions are one of the only injuries in 
sporting environment that is regulated by legislation on how to initially treat and how long 
athletes must remain from play before returning to competitive practice and play (Carroll-
Alfano, 2017). Yet, it is estimated that nearly half of all concussions occurring in sport and 
recreation go unreported (UPMC, 2019). This could be from lack of reliable diagnostic tools, 
lack of support from coaches, or due to lack of awareness/education among athletic populations. 
Thus, there remain many critical needs in the area of diagnosis and treatment of concussion, and 
the research in these areas are moving forward. 
 Current concussion diagnostic tools are improving but are not to an adequate point to 
diagnose a concussion with 100% accuracy (Patricios et al., 2017). Accurate concussion 
diagnosis and reporting relies on many factors, such as access to health care professionals and 
screening tools. Access to Athletic Trainers has increased reporting in many high schools but this 
is still reliant on the experience and education of concussions the Athletic Trainer may possess 
(Wallace, Covassin, Nogle, Gould, & Kovan, 2017). Although concussion screening tools are 
improving, the cost may become an issue in some institutions or secondary schools with 
inadequate funding. Thus, future research addressing these gaps, access to health care 
professionals and screening tools, are needed to improve accurate diagnosis of concussion. 
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Areas that are critical needs in addressing the treatment of concussion include when to 
return to play and the optimal type of recovery and rehabilitation after concussion. The 
mandatory return to play protocols suggest a 7-10 return to play progression. This protocol, 
though, is based on results from rat brains (Kinder, 2019). The time for recovery may need to 
increase due to metabolic differences between rats and humans (Kinder, 2019). Indeed, research 
from pig brains, which are more similar to human brains, has revealed an increased healing time 
after concussion in pigs compared to rats and that pigs have different immune responses 
compared to rats (Kinder, 2019). There remains a critical need to determine a more accurate 
healing time based upon the human immune response. 
 Another common treatment protocol in concussion is that “rest is best”. However, more 
recent research has revealed that the older approach to concussion recovery “rest is best” can 
actually increase long-term issues if the initial rest period is longer the 48-72 hours (Silverberg & 
Iverson, 2013; Schneider et al., 2017). More up to date concussion recovery protocols suggest 
including early light to moderate level aerobic exercise (i.e. walking or a stationary bike) to 
increase blood flow to the brain during a time of impaired blood flow as a result of injury 
(Sawyer, Vesci, & McLeod, 2016). Submaximal aerobic testing is also becoming more popular 
with return to play recommendations, like the Buffalo Concussion Treadmill Test (Leddy, Baker, 
Haider, Hinds, & Willer, 2017). This test allows medical professionals to gauge how much 
exercise a person can tolerate before experiencing symptoms, and prescribe adequate, but safe, 
levels of aerobic exercise to improve healing and decrease long-term issues, like Post-
Concussion Syndrome (Leddy, Baker, Haider, Hinds, & Willer, 2017; Moore, Adams, & 
Barakatt, 2016). Vestibular rehabilitation has also been showing to decrease long-term 
coordination and proprioceptive issues following a concussion (Moore, Adams, & Barakatt, 
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2016). Thus, there remains a need to determine the most effective rehabilitation strategies for 
concussion. As research in optimal concussion diagnostic tools and treatment continue, one 
promising approach may be concussion education.  
 Due to the nature and environment of sport, many athletes feel that they cannot report 
concussion symptoms because they do not feel that concussions are severe enough to cause any 
more damage if they continue to play through the pain (Delaney, Lamfookon, Bloom, Al-
Kashmiri, & Correa, 2015). Moreover, some teams, such as male collision sports like hockey and 
football, appear to be resistant to reporting concussions. However, research that suggests the 
environment of the team is highly influential in the reporting of concussions (Craig, Lininger, 
Wayment, & Huffman, 2019). Concussion education appears to be an effective way of increasing 
a pro-reporting environment that is centered around athlete care (Carroll-Alfano, 2017). Indeed, 
research on concussion education for both coaches and athletes reveal increases in the likelihood 
of reporting within a team and improves the reception of proper concussion management 
(Gouttebarge, V et al., 2019).  Thus, the purpose of this study was to implement and examine the 
effectiveness of concussion education in college sport and recreation athletics.  
 A concussion education session was developed, and the effectiveness examined. Results 
revealed that preseason concussion education is effective at increasing the self-reported 
likelihood and confidence in athletes reporting concussion symptoms in themselves and other 
teammates. Education centered around the signs and symptoms of concussion, proper care of 
concussions, and the long-term consequences of concussions appear to improve these 
perceptions across all sports, regardless of gender. However, concussion education should not 
begin and end with the preseason. Thus, the Concussion brochure was developed to maintain the 
level of awareness, while athletes are suffering from concussive symptoms, during their recovery 
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by giving them a tangible medium to refer back to following a concussion. These two methods, 
concussion education and the brochure, were well received and effective for college sport and 
recreation athletics. Future research examining the accuracy and validity of self-reported 
measures amongst athletes is needed as well as the determining the most effective design and 
delivery of concussion education. With advances in concussion education, reporting may 
increase which will ultimately lead to improved diagnosis and treatment of concussion. 
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APPENDIX A CONCUSSION SURVEY 
 
Start of Block: Informed Consent 
IC Informed Consent 
This is a research study on concussions, which involves a pre-survey, a presentation, and two 
follow-up surveys. The presentation will take less than 45 minutes to complete. The surveys 
should take less than 5 minutes, each. 
  This research is not mandatory for your team. If at any point in the research, you feel 
uncomfortable answering questions in the survey or listening to the presentation, you may leave 
the question blank or leave the presentation. 
  None of your personal information will be recorded. This includes emails, IP addresses, or 
names.  If you agree to participate in this study, please click “Continue”.  
o Continue  (4)  
o I do not wish to participate  (5)  
Skip To: End of Block If IC = Continue 
Skip To: End of Survey If IC = I do not wish to participate 
End of Block: Informed Consent 
 
Start of Block: Default Question Block 
Q1 Have you received the Concussion Education Presentation for this research study? 
(Mark "No", if you are about to receive the PowerPoint Presentation) 
o Yes  (1)  
o No  (2)  
 
Q2 What is the date today? 
________________________________________________________________ 
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Q3 What team/club are you apart of? 
o Men's Hockey  (1)  
o Men's Rugby  (2)  
o Men's Ultimate Frisbee  (3)  
o Women's Rugby  (5)  
o Women's Volleyball  (6)  
o Women's Ultimate Frisbee  (7)  
o Weight Lifting Club  (8)  
o Outdoor Recreation Program  (9)  
o Women's Soccer  (12)  
o Softball  (13)  
 
 
Q4 What was your sex assigned at birth? 
o Male  (1)  
o Female  (2)  
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Q5 Concussions are a serious health concern. 
o Strongly Agree  (1)  
o Agree  (2)  
o Neutral  (3)  
o Disagree  (4)  
o Strongly Disagree  (5)  
 
 
Q6 Have you ever had a diagnosed concussion before? 
o Yes  (1)  
o No  (2)  
o Unsure  (3)  
 
 
Q7 Have you ever had a possible concussion that you tried to hide during practice/competition? 
o Yes  (1)  
o No  (2)  
o Unsure  (3)  
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Q8 Have you known of a teammate to ever hide a possible concussion? 
o Yes  (1)  
o No  (2)  
o Unsure  (3)  
 
 
Q9 How likely are you to report a possible concussion in yourself? 
 Rarely About half the 
time 
Most of the 
time 
 
 1 2 3 4 5 6 7 8 9 10 
 
1 () 
 
 
 
Q10 How likely are you to report a possible concussion in a teammate? 
 Rarely About half the 
time 
Most of the 
time 
 
 1 2 3 4 5 6 7 8 9 10 
 
1 () 
 
 
 
Q11 How confident are you to recognize signs and symptoms of concussion in a teammate? 
 Not Confident Somewhat Confident 
 
 1 2 3 4 5 6 7 8 9 10 
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1 () 
 
 
 
Q12 How confident are you to recognize signs and symptoms of concussion in yourself? 
 Not Confident Somewhat Confident 
 
 1 2 3 4 5 6 7 8 9 10 
 
1 () 
 
 
 
Q13 How beneficial do you think concussion education is for athletes? 
 Not At All Somewhat Very 
 
 1 2 3 4 5 6 7 8 9 10 
 
1 () 
 
End of Block: Default Question Block 
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APPENDIX B IRB APPROVAL MEMO 
 
